NiFe hydrogenase active site biosynthesis: identification of Hyp protein complexes in Ralstonia eutropha.
Biosynthesis of the NiFe hydrogenase active site is a complex process involving the action of the Hyp proteins: HypA-HypF. Here we investigate the mechanism of NiFe site biosynthesis in Ralstonia eutropha by examining the interactions between HypC, HypD, HypE, and HypF1. Using an affinity purification procedure based on the Strep-tag II, we purified HypC and HypE from different genetic backgrounds as complexes with other hydrogenase-related proteins and characterized them using immunological analysis. Copurification of HypC and HoxH, the active site-containing subunit of the soluble hydrogenase in R. eutropha, from several different genetic backgrounds suggests that this complex forms early in the maturation process. With respect to the Hyp proteins, it is shown that HypE and HypF1 formed a stable complex both in vivo and in vitro. Furthermore, HypC and HypD functioned as a unit. Together, they were able to interact with HypE to form a range of complexes probably varying in stoichiometry. The HypC/HypD/HypE complexes did not involve HypF1 but appeared to be more stable when HypF1 was also present in the cells. We hypothesize that HypF1 is able to modify some component of the HypC/HypD/HypE complex. Since we have also seen that HypF1 and HypE form a complex, it is likely that HypF1 modifies HypE. On the basis of these results, we propose a complete catalytic cycle for HypE. First, it is modified by HypF1, and then it can form a complex with HypC/HypD. This activated HypE/HypC/HypD complex could then decompose by donating active site components to the immature hydrogenase and regenerate unmodified HypE.